The adhesion of corynebacteria to urinary bladder epithelial cells is thought to be a prerequisite to the development of bovine cystitis and pyelonephritis (1) . Adhesion of C. renale, C. pilosum (11) , and C. cystitidis (11) to tissue culture cells (5) , to the epithelial cells of the urinary bladder of mice (6) , and to the epithelial cells from bovine urinary bladders (10) has been shown. Although pili were defined as the bacterial factor for C. renale adhesion (5) and adhesion was found to be dependent on pH (10) , corynebacterial adhesion has never been studied in relation to cellular factors.
It is known that the epithelium of the urinary bladder consists of 3 to 14 layers, depending on the animal species and the degree of detention (2) . Cells of the basal layer of the epithelium divide, move toward the surface, and eventually become differentiated and aged into the cells of the outer layers, such as superficial cells (3). These cells are continuously shed from the free surface of the membrane with cell aging. It seems natural, therefore, that the cells on the surface of the epithelium, which are the most aged and differentiated epithelial cells, attract more bacteria than the less aged cells from deeper layers. With this in mind, adhesion of the bovine urinary corynebacteria C. renale, C. pilosum, and C. cystitidis to the cells of various epithelial cell layers of bovine urinary bladders was studied. The effect of incubation of these cells on adhesion was also examined.
The strains used were: four strains of C. renale, namely, 115 P+ (piliated clone) (10), 115 P-(nonpiliated clone) (10) All of these cells were washed three times by centrifugation (200 x g for 5 min), and then adjusted to 106 viable cells per ml with PBS. Cells were considered to be viable if they did not stain with trypan blue.
The adhesion assay was done as previously described (10) . Differences in the number of bacteria that adhered to the cells of the various cell layers were analyzed for statistical significance by using Student's t test. In each experiment, the first 50 well-defined epithelial cells were observed, and the number of bacteria adhered per cell was determined. The urinary sediment epithelial cells were usually contaminated with a few other bacteria, such as streptococci. However, they could be easily distinguished from the inoculated corynebacteria because they were weakly stained and their shape was different.
Incubation
For histological examination, tissues were taken from the urinary bladders and examined. The tissues consisted of normal urinary bladder, bladder dipped in PBS, bladder brushed with a test tube brush after dipping, and bladder treated finally by several brushings. The tissues were fixed with 10% Formalin and embedded in paraffin. The embedded tissues were sectioned by a microtome to a thickness of 5 jim, and the sections were stained with hematoxylin and eosin.
As shown in Fig. 1 , every strain of bacteria adhered in greatest numbers to the urinary sediment epithelial cells and superficial cell group 1, which were the most aged cells. Next, bacteria adhered in decreasing numbers to superficial cell groups 2 and 3, to intermediate cell groups hered to these cells most efficiently. There were no differences between the numbers of bacteria adhered to urinary sediment epithelial cells and those adhered to superficial cell group 1 in every strain. In each strain, there were significant differences between the number of bacteria adhered to superficial cell groups 1 and 2 and between the number of bacteria adhered to superficial cell groups 2 and 3. In (Fig. 2) . This increase occurred in the first 2 to 6 h of incubation. On the other hand, in the case of the superficial cells (superficial cell groups 1, 2, and 3), the increase of bacterial adherence after incubation was small. The number of viable cells in the superficial and intermediate cell groups remained constant during the first 6 h of incubation.
The deeper intermediate and basal cells incubated in Eagle minimum essential medium supplemented with 15% calf serum, 100 U of penicillin per ml, 100 pug of streptomycin per ml, and 2.5 pug of amphotericin B per ml remained unattached to the glass petri dish, except for a small number. The unattached cells were collected at predetermined intervals, suspended in PBS, and examined for adhesion. The number of 115 P+ adhered to the unattached cells increased from three to seven per cell after 24 h of incubation. The other strains adhered to the unattached cells, and all of the strains adhered to the cells that were attached to the glass petri dish. However, the adhered bacteria were very small in number and could not be compared.
Of the bovine urinary bladder epithelial cells examined, the superficial cells and detached superficial cells attracted more corynebacteria than the intermediate, and deeper intermediate, basal cells. These findings suggest that bovine urinary corynebacteria adhere efficiently to the most aged and differentiated epithelial cells. The cell age-dependent corynebacterial adhesion may indicate that there could be a cell agedependent increase of cellular receptors or disclosure of masked receptors. The fact that incubation of the intermediate cells resulted in enhancement of bacterial adhesion also supports this view.
A cellular receptor for corynebacterial adhesion is not yet defined. The adherence of C. renale 115 P+ was not inhibited by six carbohydrates and 11 amino acids (10) . The cellular receptor for Escherichia coli type 1 pili is thought to be D-mannose (8) , and that for Vibrio cholerae adhesin is thought to be L-fucose (7) . Further investigation is needed to determine the cellular receptor for corynebacterial adhesion.
It is probable from the results obtained that corynebacteria adhere to the bovine urinary bladder epithelium by attaching to the most aged cells first. This could be of importance in understanding corynebacterial colonization in the urinary bladder.
